**INTRODUCTION:** Nipple reconstruction is an essential last step of breast reconstruction after total mastectomy, bearing psychological significance for cancer patients, resulting in improved general and esthetic satisfaction. However, most techniques such as local tissue flaps and engineered tissue substitutes such as the Cook Biodesign nipple reconstruction cylinder are limited by secondary scar contracture and loss of neonipple projection leading to inconsistent results and increased patient dissatisfaction. Approximately 30,000 patients undergo deep inferior epigastric perforator flap breast reconstruction annually, during which the excised costal cartilage (CC) is normally discarded. Herein, we propose utilizing minced CC as a highly incorporative viable graft. Furthermore, we have previously shown that biocompatible, biodegradable, 3-dimensional (3D)-printed scaffolds maintain the volume and contour of engineered auricular cartilage in the setting of auricular scaffold fabrication. In this study, we hypothesize that incorporating biodegradable, 3D-printed external scaffold in our nipple constructs will further augment preservation of neonipple projection and contour.

**METHODS:** Custom external scaffolds were designed with inner dimensions matching the Cook Biodesign nipple reconstruction cylinder (interior volume: ≈900 mm^3^), then 3D-printed using polylactic acid. Patient-derived CC was minced in sterile fashion, and half of the samples were packed into 3D-printed polylactic acid scaffolds; in the remainder, an equal volume of minced cartilage was wrapped in Surgicel only. The constructs were implanted into nude rats by creating a subcutaneous pocket using a CV flap technique. After 3 months, histologic, topographic, and gross analysis were performed. To measure volume and topography, constructs were imaged via computed tomography with an animal computed tomography scanner and then digitally reconstructed.

**RESULTS:** After 3 months in vivo, gross analysis showed improved preservation of contour and projection of the "scaffold protected" construct as compared to the "unprotected" implant. Hematoxylin and eosin staining in both groups showed the presence of healthy and viable cartilage after 3 months in vivo which was confirmed by LIVE/DEAD assay. Formation of fibrous tissue around the minced CC was noted in both groups and resulted in consolidation of the minced cartilage into a nipple-like shape. Preservation of neonipple projection was significantly improved in the scaffold-protected group in comparison to unprotected group (91.6% versus 64.1%; *P* = 0.045). Similarly, volumetric analysis showed superior preservation of volume in the scaffolded group in comparison to the unprotected group (895.5 versus 607.8 mm^3^; *P* = 0.019). Further, the resultant tissue was spongy and compressible much like a native nipple.

**CONCLUSIONS:** We demonstrate that minced autologous CC, which is usually discarded during a deep inferior epigastric perforator procedure, can be used as a viable implant for nipple reconstruction with favorable biomechanical qualities. Our 3D-printed biocompatible/biodegradable external scaffolds significantly mitigate loss of projection and contour of the constructs. This allows for custom design of desired shape and size of the nipple enabling the immediate fabrication of individualized engineered autologous implants tailored to patient desire (different sizes/levels of projection), without the loss of projection or topography seen with traditional approaches to nipple reconstruction.
